Understanding how fish respond to and utilize dietary plant ingredients has therefore been a 71
Introduction 38
Aquaculture is a major player of the global food security program producing approximately 39 fifty percent of the world seafood supply (The World Bank, 2013) . In an effort to provide the 40 growing population with a consistent supply of high-quality and sustainable seafood, 41 alternative sources of protein to the traditionally used fishmeal (FM) are now being sought It is therefore increasingly important at experimental levels to have sensitive tools at our understand the molecular mechanisms underlying pathologies such as enteritis caused by 102 these ingredients (Gu et al., 2014 , Kortner et al., 2012 , Kortner et al., 2013 of solvent-extracted soybean meal (SBM; 0 g kg -1 , 100 g kg -1 , 200 g kg -1 , 300 g kg -1 ) substituting other protein sources (FM, corn gluten, sunflower cake and horsebeans) referred 139 to as diets S0, S10, S20 and S30, respectively (Table 1) 
Transcriptomic analysis

149
Transcriptomic analysis was conducted using an Atlantic salmon custom-designed 4 x 44K previous studies (e.g. Bicskei et al., 2014 , Martinez-Rubio et al., 2012 , Morais et al., 2012a Morais et al., 2012b , Tacchi et al., 2011 , Tacchi et al., 2012 . Briefly, total RNA was 155 extracted from individual samples using TRI Reagent according to the manufacturer's 156 instructions (Sigma-Aldrich, Dorset, UK), including a high salt precipitation as recommended 157 for polysaccharide-rich tissues such as liver (Chomczynski and Mackey, 1995 engaged in protein processing such as ER degradation enhancer, mannosidase alpha 3 (Table   285 3). In addition, other important genes that concurrently increased in both tissues included bile- chain-3 hydroxyacyl-dehydratase), sugar metabolism (GDP-L-fucose synthase) and glycan 291 metabolism (alpha-1,6-mannosyl-glycoprotein beta-1,2-N-acetylglucosaminyltransferase).
292
The following sections (sections 3.3 and 3.4) report on the tissue-specific responses. Gene-set 293 enrichment analysis was utilized as a tool to identify mechanistic changes of groups of genes.
294
However, while the limited number of differentially expressed genes identified in the liver 295 also allowed a more in-depth analysis on individual genes, this approach was not possible 296 with the distal intestine without introducing bias in selecting the gene list. Thus, in the distal 297 intestine only gene-set enrichment analysis was applied representing a more robust approach 298 compared to individual gene analysis. The liver was found to be only marginally affected,
299
whereas a large number of gene-sets were significantly affected (q < 0.1) in the intestine,
300
clearly reflecting the trend identified above targeting differentially expressed genes. 
Liver
302
Compared with the distal intestine, the liver was partially affected by diet S30 (Fig. 2) (Table 3 ). In addition, other genes of the complement cascade such as C5, C6, 
Distal Intestine
335
The distal intestine showed a pronounced global response, involving gene-sets regulating a 336 number of processes (Fig. 4) . This response at a gene-set level is summarized by the major 337 biological processes affected in the intestine identified in both GAGE 1d and 2d analyses and 338 included primarily metabolic (e.g. lipid, amino acid and energy metabolism), organismal systems (e.g. digestion and absorption, immune and endocrine system) and other cellular 340 processes including pathways involved in the protein synthesis.
341
For clarity of presentation and due to the number of pathways identified in the intestine, 342 pathways were separated into "highly significantly different" (q < 0.0001) and "significantly alanine/aspartate/glutamate metabolism and glutathione metabolism (Fig. 5a) differentially expressed below the q = 0.0001 cut-off (Fig. 5a ). up-regulated, with most pathways exhibiting a highly significant q value (< 0.0001) (e.g. functions such as cell growth and death, cell cycle, apoptosis and MAPK signalling (Fig. 5b) .
361
An overall increased expression was also observed in a number of immune pathways. The 362 immune response involved up-regulation of the TNF signalling pathway (p < 0.0001), NOD-363 like receptor interaction, NF-kB signalling pathway, cytosolic DNA sensing pathway, Jak-signalling pathway (Fig. 5b) .
366
.
367
A number of gene-sets that tested significant in the 2d test were also significant with the 1d 368 test, particularly amongst the down-regulated pathways (Fig. 5b) the lysosome and peroxisome organelles were also reduced (Fig. 5b) . 
Discussion
374
The present study reports a molecular snapshot reflecting the hepatic and intestinal (distal) the current study in dietary treatments that have only "subclinical" effects on performance.
396
The detected differential transcriptomic response observed in salmon fed 300 g kg -1 SBM 397 compared to FM control was greater in the distal intestine compared to the liver. These results
398
were expected due to the inflammation of the distal intestine and consequent immune 
510
In conclusion, the present study contributes towards the development of a nutrigenomic Up-regulated genes are highlighted in red, while down-regulated genes in green. Colour intensity is relative to the magnitude of change. All expression values are reported as Log 2 fold change (LogFC) relative to the control treatment S0. KOID = KEGG identifier. 
